INTRODUCTION
It is now accepted that Ca 2+ is one of the most versatile second messengers relaying information within cells to regulate their activities such as muscle contraction, secretory events, cell cycle, differentiation, gene expression and apoptosis. Ca 2+ plays its pivotal role through specific classes of Ca 2+ -binding proteins, most of which possess Ca 2+ -binding motifs such as endonexin folds, C2 regions or EF-hands. Many EF-hand type Ca 2+ -binding proteins have been identified, and they have been classified into dozens of families based on amino acid sequence similarities and number of EF-hand motifs in their molecules (1) .
Recently, we classified a new family of proteins possessing domains with five EF-hand-like motifs, and we proposed the name "penta-EFhand (PEF)" as a collective name for these domains (2) . The PEF domain was originally found in the Ca 2+ -binding domain of the small subunit of calpain, an intracellular Ca 2+ -dependent cysteine protease, by X-ray crystallography (3, 4) . Later studies revealed that the PEF domains are present in several other Ca 2+ -binding proteins such as the calpain large subunit, sorcin (5), grancalcin (6) and apoptosis-linked gene 2 (ALG-2) (7). While sorcin and grancalcin exist as homodimers (8, 9) , calpains exist as heterodimers of the large catalytic and small regulatory subunits (10) .
The bacterially expressed recombinant PEF domain of the calpain small subunit forms a homodimer without the large subunit (11) . X-ray crystallographic studies have also revealed that the dimers are formed through a pair of fifth EF-hands (EF-5s) that have lost their Ca 2+ -binding capacities due to two-residue insertions (3, 4) . Therefore, it has been proposed that PEF proteins may form dimers with each other through EF-5, which provides a new interface for the interaction with possible targets.
The calpain small subunit, sorcin, grancalcin and ALG-2 have hydrophobic domains with variable lengths in the amino-terminal regions. In the case of calpains, the hydrophobic N-terminal domains bind to the membranes and play an important role in the change of subcellular localization induced by Ca 2+ (12) . The N-terminal region of sorcin is required to interact with the membrane-localized annexin VII in a Ca 2+ -dependent manner (13) . Thus, the N-terminal regions of PEF proteins are thought to interact with phospholipids and/or target proteins on membranes.
Previously, we reported a novel PEF protein, peflin (PEF protein with a long N-terminal hydrophobic domain), which was cloned after a homology search for other PEF proteins (14) . Peflin is most similar to ALG-2 in the PEF domain and has the longest N-terminal hydrophobic region of proteins in the PEF family. Peflin is expressed in several human cell lines, but its target protein and function have not been determined yet.
In this study, using a monoclonal antibody (MoAb) specific to human peflin, we demonstrated that peflin was co-immunoprecipitated with ALG-2. The peflin/ALG-2 heterodimer dissociated in a Ca 2+ -dependent manner. The N-terminal hydrophobic domain of peflin was not essential for the heterodimerization. Peflin co-localized with ALG-2 in the cytoplasm and changed the subcellular localization in a Ca 2+ -dependent manner.
EXPERIMENTAL PROCEDURES
Cell culture -Jurkat cells were cultured in RPMI1640 supplemented with 10% heat-inactivated fetal bovine serum (FBS), L-glutamine (0.3 mg/ml), penicillin (100 units/ml) and streptomycin (100 µg/ml) at 37 o C under humidified air containing 5% CO 2 . Human embryonic kidney (HEK) 293 cells were cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented as above. Preparation of anti-peflin monoclonal antibody -Balb/c female mice were immunized three times with His-tagged N-terminal truncated peflin (His-peflin∆N) prepared as described previously (14) . Hybridomas were generated by polyethylene glycol (PEG)-mediated fusion of donor splenocytes to the P3 myeloma cell line. Positive hybridomas were identified by enzyme-linked immunosorbent assay (ELISA) and cloned by limited dilution. Cloned hybridomas were transplanted intraperitoneally to Balb/c mice. The IgG fraction was prepared from ascites and purified by the ammonium sulfate precipitation method. Western blotting was performed as described previously (14) Metabolic labeling and immunoprecipitation -Jurkat cells (1x10 7 ) were incubated in a 60-mm dish containing 1.5 ml of a methionine/cystine-free medium for metabolic labeling (Sigma) supplemented with PBS-dialized FBS to 10 % and [ 35 S]-labeled amino acid mixture (100 µCi/ml, 70% methionine and 30% cysteine) at 37 o C for 4 h under humidified air containing 5% CO 2 . Cells were washed with phosphate-buffered saline (PBS) and lysed in buffer A (20 mM HEPES, large and small subunits (10) . Interestingly, heterodimers of the calpain subunits have been reported to dissociate in a Ca 2+ -dependent manner (19) . We thought that peflin might also dimerize with itself or with other PEF proteins. We suspected the co-immunoprecipitated 22-kDa protein to be ALG-2 since it is the 22-kDa protein most similar to peflin in the PEF protein family.
To investigate the interaction of peflin with ALG-2 in Jurkat cells, we performed a combined immunoprecipitation-Western blotting analysis.
As shown in Fig. 7B and 7C ), but some of the PEF proteins were resistant to the detergent. A higher concentration of Triton X-100 (1%) gave similar results (data not shown). These results suggested that peflin and ALG-2 also changed their subcellular distribution with Ca 2+ as reported for other PEF proteins, probably from the cytosol to the membrane and detergentinsoluble (cytoskeletal) fractions.
DISCUSSION
We showed that peflin exists as a complex with ALG-2 in the absence of Ca 2+ but that the complex dissociates in the presence of the divalent cation. Peflin and ALG-2 seem to interact directly because the two proteins were eluted from the gel filtration column at the position of a heterodimer (Fig. 5) . Previously, Missotten et al. showed that ALG-2 forms a homodimer by co-immunoprecipitation of transiently cooverexpressed Flag-and Myc-tagged proteins in HEK293 cells (20) . In agreement with their result, we also detected a complex of exogenously expressed Flag-tagged ALG-2 and untagged ALG-2, but the efficiency of the dimer formation was lower than that of the heterodimer formation with peflin ( Fig. 4B and 4D ). Without co-transfection with untagged ALG-2, no ALG-2 immunoreactive band was detected in the immunoprecipitates of anti-Flag MoAb M2 (data not shown). In similar experiments, no Flagpeflin/peflin complex was observed (Fig. 4C) . On the other hand, a peflin/ALG-2 complex was clearly observed in the co-transfection assays Jurkat cells (Fig. 3) . Thus, the formation of a peflin/ALG-2 heterodimer seems dominant over an ALG-2/ALG-2 homodimer.
Since the 22-kDa protein that was co-immunoprecipitated with peflin in [ 35 S]-labeled Jurkat cells was identified as ALG-2 ( Fig. 2) , it became possible to estimate an approximate molar ratio between peflin and ALG-2 in the complex. Assuming that peflin and ALG-2 incorporate On the other hand, not all of ALG-2 forms a heterodimer with peflin.
Approximately 50% of ALG-2 is present in the 100,000 x g supernatant fraction, and the rest is found in nuclei and membrane/cytoskeletal fractions ( Figs. 6 and 7) . Since the amounts of peflin in the latter fractions are quite low, non-cytosolic ALG-2 may exist either as a homodimer or complexed with unknown macromolecules. Co-elution of cytosolic ALG-2 with peflin in the gel filtration chromatography suggests that the majority of cytosolic ALG-2 forms a heterodimer with peflin (Fig. 5) . The results of the immunoprecipitation experiments using anti-ALG-2 PoAb, however, do not support this notion (Fig. 3 ). While only a fraction (less than 10%) of ALG-2 was immunoprecipitable from the lysate, more than half of peflin was co-immunoprecipitable with the antibody. The major cause of this inconsistency may be due to the nature of the anti-ALG-2
PoAb used in this study. The antibody was first raised in rabbits using denatured recombinant mouse ALG-2 and was later affinity-purified using The results of cellular fractionation experiments suggested that peflin and ALG-2 translocate from the cytosolic fraction to the membrane and Triton X-100-insoluble (cytoskeletal) fractions in a Ca 2+ -dependent manner (Fig. 7) . In this study, however, we could not detect a change in the immunofluorescence after stimulation of Jurkat cells with Ca 2+ -ionophore, and we could not obtain direct evidence of the Ca 2+ -induced translocation of these proteins by immunofluorescent staining. Surprisingly, ALG-2 was also found to localize in nuclei, raising the possibility of a specific function in nuclear Ca 2+ signaling. Recently, Krebs and Klemenz showed the nuclear localization of ALG-2 by immunofluorescent staining of breast cancer cells and observed disappearance of the nuclear localization of ALG-2 at the onset of mitosis (24) .
Apoptotic pathways of ALG-2 have been partially clarified. ALG-2 was originally identified by the method called "death trap" in T-cell hybridoma using anti-CD3 antibody (7). An antisense ALG-2 cDNA expression prompted survival after a variety of apoptotic stimuli, but caspase activities were not affected (25) . An ALG-2-interacting protein named either AIP1 (ALG-2-interacting protein 1) or Alix (ALG-2-interacting protein X) was cloned concurrently by two independent groups (20, 26) . AIP1 is a 105-kDa protein with a proline-rich C-terminal region containing ten PXXP sequence motifs that potentially bind to SH3 
